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============

Disturbances in mineral metabolism and bone disease are common, cause considerable morbidity, and decrease quality of life in patients with chronic kidney disease (CKD).\[[@ref1]--[@ref3]\] Renal osteodystrophy (ROD) is a component of the broad spectrum of mineral and bone disorders of CKD (CKD-MBD).\[[@ref4]\] Assessment of bone health is required for adjustment of therapy for abnormal mineral metabolism, to evaluate fracture risk, and for deciding if osteoporosis treatment is required. Bone biopsy, the gold standard for accurately classifying the type of ROD, is invasive, is difficult to repeat, requires specialized equipment, and must be evaluated by someone experienced in bone histomorphometry.

Attempts have been made to develop methods for noninvasive assessment of bone health in terms of turnover and mass.\[[@ref4]\] Bone turnover involves tightly coordinated bone formation and resorption. ROD is a multifactorial process in which one of the phenomena is decoupling between these two processes. Traditionally, parathyroid hormone (PTH) has been considered to be a surrogate for bone turnover. However, circulating PTH alone does not clearly distinguish adynamic or normal bone from hyperparathyroid bone disease,\[[@ref5][@ref6]\] and is now regarded as a marker of parathyroid activity rather than bone turnover. It has been suggested that a combination of molecules that are synthesized during bone formation and protein fragments released as a result of matrix breakdown during bone resorption might serve as circulating biochemical markers of bone turnover.\[[@ref7]--[@ref9]\]

Of the various markers of bone formation such as osteocalcin, total alkaline phosphatase (TAP), bone-specific alkaline phosphatase (BAP), and procollagen type-1 carboxy and amino terminal peptides, BAP is accepted as the most sensitive and consistent in distinguishing the type of bone disease and estimating the bone formation rate.\[[@ref10][@ref11]\] It is unclear, however, whether it can be used to separate patients with adynamic bone disease from those with normal bone remodeling. A number of matrix breakdown products have been evaluated as markers of bone resorption; these include pyridinoline and deoxypyridinoline (DPD), tartrate-sensitive acid phosphatase, type 1 collagen amino and carboxy terminal products, hydroxyproline, and collagen 1, a helicoidal peptide in blood and urine.\[[@ref10][@ref12]\] Relative studies of their performance in distinguishing types of bone disease suggest DPD to be superior to others.\[[@ref12][@ref13]\]

Lack of sufficient vitamin D in its native form, as reflected by low circulating 25(OH) vitamin D concentrations, is frequent in CKD patients.\[[@ref14][@ref15]\] 25(OH) vitamin D is now recognized as an important player in maintenance of bone health in CKD. Guidelines recommend regular measurement of 25(OH) vitamin D concentration and supplementation if levels fall below 30 ng/ml.\[[@ref16]\]

Use of these markers, either as such or in combination with bone mineral density (BMD) estimation, has the potential of improving the diagnosis and the treatment of ROD. Such studies have been carried out in the Western population.\[[@ref17]--[@ref19]\] Because of differences in dietary habits (high proportion of vegetarians), body composition, and racial and genetic background, it is possible that Indians would exhibit a different pattern of abnormalities in CKD-MBD. We estimated the intact PTH (iPTH), total deoxypyridinoline (tDPD), BAP, and 25(OH) vitamin D levels, and measured BMD in a cohort of Indian CKD patients.

Materials and Methods {#sec1-2}
=====================

This cross-sectional descriptive study was performed at the Postgraduate Institute of Medical Education and Research, Chandigarh, a large tertiary care hospital in north India. Subjects with newly diagnosed stage 4 and 5 CKD were studied. The control population consisted of kidney donors. Subjects with a history of fracture or having received steroids, nonsteroidal anti-inflammatory drugs (NSAIDs), anticoagulants, antiepileptic agents, androgens, or vitamin D in the last 6 months were excluded. Study protocol was approved by the institute's Ethics Committee and all subjects gave informed consent.

All study subjects underwent physical examination. Serum levels of creatinine, albumin, cholesterol, total calcium, inorganic phosphorus, TAP, 25(OH) vitamin D, intact PTH (iPTH), BAP, and tDPD were measured. Samples were collected in chilled tubes; serum was separated and frozen at -80°C for subsequent estimation of BAP, 25(OH) vitamin D, and tDPD. All assays were carried out in duplicate.

The test methodologies used were as follows:

Intact PTH assay was done using the solid phase two-site chemiluminescent enzyme-labeled immunometric assay (Diagnostic Products Corporation, Los Angeles, USA). The detection limit was 1 pg/ml. Intra-assay variability was less than 5.7% within the concentration range of 7.2--66.2 pg/ml (normal range, 7--63 pg/ml). In the concentration range above normal range, the intra-assay variability was kept to \<5.7% by dilution method.

Serum 25(OH) vitamin D was estimated using competitive enzyme immunoassay technique (Immunodiagnostik AG, Stubenvauld-Allee, Bensheim). The specificity of the assay was 100% for 25(OH) vitamin D3. The detection limit of the assay was 2.0 nmol/l (25-125 nmol/l).

Estimation of serum tDPD was performed using a competitive enzyme immunoassay in a microassay stripwell format (MetratDPD EIA kit, Quidel Corporation, San Diego, USA). The minimum detection limit of the tDPD assay is 0.5 nmol/l.

Estimation of serum BAP was performed using a competitive enzyme immunoassay in a microtiter strip format (MicroVue BAPELISA kit, Quidel Corporation, San Diego, USA). The minimum detection limit of the assay is 0.7 U/L (normal range, 15--41.3 U/L). The intra-assay coefficient of variation (CV) is 3.9--5.8% and the inter-assay CV is 5.2--7.6%.

BMD was measured by dual-energy X-ray absorptiometry (DEXA) scan (Norland, Trumbull CT, USA; DEXA model XR 46) at the distal 1/3 of the radius, consistent with the recommendations of International Society of Clinical Densitometry from their 2005 Official Position Statement. It was estimated in g/cm^2^, and comparative T- and Z-scores were calculated.

The average of duplicate assays represented the value of individual samples in the statistical analysis. Data were analyzed using SPSS v 13.0 (Chicago, IL) software. Values are expressed as mean ± SD and as median (95% confidence interval) when the distribution was not normal. Normality of distribution was tested by Kolmogorov-Smirnov test. One-factor *post hoc* ANOVA with Bonferroni correction was used to compare the mean of clinical characteristics. Inter-group comparison of continuous data was carried out using Mann-Whitney *U*-test, and correlation between two variables was ascertained using Spearman's rank correlation coefficient. Multiple regression analysis was carried out to see the effect of various parameters on 25(OH) vitamin D levels and T-score. A double-sided *P* value of \<0.05 was considered significant.

Results {#sec1-3}
=======

A total of 126 adults, 74 CKD patients (age 42 ± 14.5 years) and 52 non-CKD controls (age 40.2 ± 9.3 years) were studied \[[Table 1](#T1){ref-type="table"}\]. A majority of patients were from lower socioeconomic group and were vegetarians. The CKD patients were divided into two groups (CKD stages 4 and 5), based on calculated glomerular filtration rate (GFR) by the Modification of Diet in Renal Disease (MDRD) formula. CKD stage 5 comprised 39 (57%) patients. The causes of CKD included diabetic nephropathy in 24%, chronic glomerulonephritis in 19%, chronic interstitial nephritis in 11%, hypertensive nephrosclerosis in 8%, autosomal dominant polycystic kidney disease in 3%, and other diseases in 7%. The etiology was unknown in the remainder. The mean interval between onset of symptoms and enrolment in the study was 81 days.

###### 

Demographic characteristics of study population
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[Table 2](#T2){ref-type="table"} shows the measured parameters in the CKD and control groups. Serum albumin and calcium levels were significantly lower, and inorganic phosphate and iPTH increased in CKD subjects. A total of 50 (72%) patients exhibited iPTH elevation greater than twice the upper range of normal, and in 45 (61%) patients, the level was \>300 pg/ml. iPTH values were within normal range in only 7 (9%) patients. The markers of bone formation, TAP and BAP were significantly elevated in CKD subjects compared to controls, as was the marker of bone resorption, tDPD. The BAP level was \>40 U/L in 66% of cases. All patients with iPTH \>300 mg/ml exhibited BAP values \>40 U/L.

###### 

Markers of bone metabolism, parathyroid hormone, 25(OH) vitamin D, and bone mineral density in patients and controls
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25(OH) vitamin D levels were low in CKD as well as control subjects, with 80% of CKD subjects being vitamin D deficient (\<15 ng/ml) and 13% having vitamin D insufficiency (15-30 ng/ml). About 82% of apparently non-CKD controls also were 25(OH) vitamin D deficient and 10% had insufficient 25(OH) vitamin D. A negative correlation was noted between 25(OH) vitamin D and iPTH levels in both non-CKD (*r* = −0.34, *P* = 0.008) and CKD (*r* = −0.24, *P* = 0.04) subjects. 25(OH) vitamin D was inversely correlated with BAP (*r* = 0.3, P = 0.009) but not tDPD (*r* = 0.03) in the CKD population. On multivariate analysis, the association between iPTH and 25(OH) vitamin D was even stronger in the non-CKD subjects (*P* = 0.001), but was no longer present in the CKD subjects. Other variables entered in the model included age, gender, serum albumin, calcium phosphate, BAP, and tDPD. Upon dividing the CKD subjects according to their iPTH levels into \>300 and \<300 pg/ml, it was found that those with higher iPTH levels had lower vitamin D levels (8.6 ± 7.9 vs. 12.7 ± 9.9 ng/ml, *P* = 0.04).

Next, we examined the correlation between the various markers \[[Figure 1](#F1){ref-type="fig"}\]. There was a strong correlation between iPTH and BAP (*r* = 0.88, *P* \< 0.0001). Significant correlations were also noted between iPTH and tDPD (*r* = 0.51, *P* \< 0.0001) and BAP and tDPD (*r* = 0.46, *P* = 0.0004). The correlation between iPTH and TAP was weaker (*r* = 0.29, *P* = 0.01).

![Correlation between (a) parathyroid hormone (iPTH) and bone-specific alkaline phosphatase (BAP); (b) iPTH and total deoxypyridinoline (tDPD); (c) BAP and tDPD; and (d) iPTH and total alkaline phosphatase](IJN-23-161-g003){#F1}

DEXA scan showed that the prevalence of osteopenia (T-score −1 to −2.5) and osteoporosis (T-score \< −2.5) in the CKD subjects was 37.5% and 12%, respectively. However, when the BMD in CKD subjects was compared with that in age-matched controls (Z-score), the prevalence came down to 40% and none, respectively. Overall, there was no correlation between BMD and iPTH, BAP and tDPD; but as a group, the osteoporotic CKD subjects exhibited higher iPTH (549.2 ± 289.7 vs. 318.9 ± 180.2 pg/ml, *P* = 0.04), BAP (72.4 ± 28.9 vs. 46.2 ± 18.6 U/L, *P* = 0.026), and tDPD (64.2 ± 21.4 vs. 32.4 ± 18.1 U/L, *P* = 0.002) compared to those who were osteopenic or had normal bone density. There was a significant negative association between BMD and serum phosphate (*r* = -0.37, *P* = 0.02). This association was maintained (*P* = 0.04) on multivariate analysis. Among controls, osteopenia and osteoporosis were noted in 30% and 5% subjects, respectively. On univariate analysis, the T-score showed a significant association with serum albumin in non-CKD subjects (*r* = 0.404, *P* = 0.009), and on multivariate analysis, this association was maintained (P = 0.001). Variables entered in the model included albumin, BAP, tDPD, calcium, phosphate, and iPTH. Next, the CKD subjects were divided into stages 4 and 5 for comparing the various parameters \[[Table 3](#T3){ref-type="table"}\]. Stage 5 patients showed significantly higher levels of inorganic phosphate, BAP, tDPD, iPTH, and BMD. No difference was noted in the serum calcium, TAP, and 25(OH) vitamin D levels between the two groups. Finally, we compared the various parameters in 18 patients with diabetic nephropathy and the other 56 patients with non-diabetic CKD but did not find any difference between the iPTH, 25(OH) vitamin D, TAP, BAP, tDPD, or BMD (data not shown).

###### 

Comparison of markers of bone metabolism, 25(OH) vitamin D, and bone mineral density in chronic kidney disease 4 and 5 patients
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Discussion {#sec1-4}
==========

This is the first study to evaluate comprehensively the various indicators of bone disease in Indian patients with CKD. Our study involved newly diagnosed, treatment-naïve patients with CKD. We found the marker combinations to be consistent with high turnover bone disease as suggested by elevated iPTH, BAP, and tDPD levels in over 60% of the subjects. The only other study from India looked at only the calcium, phosphate, and iPTH levels in a cohort of dialysis patients.\[[@ref20]\]

We observed a good correlation of iPTH with TAP, BAP, and tDPD. This is consistent with previous studies and supported the biological significance of these results.\[[@ref18][@ref21]\] The correlation between BAP and iPTH and their ability to predict the type of bone disease has been shown in a number of studies.\[[@ref5][@ref6][@ref18][@ref21]--[@ref23]\] Using different cutoffs, the sensitivity was determined at \>90% and the positive predictive value at 80--100%. Cavalier\[[@ref24]\] showed that dialysis patients with iPTH levels \>300 pg/ml exhibited greater elevations in BAP. In the study by Ureña *et al*.,\[[@ref23]\] values of BAP \>20 ng/ml had a sensitivity and specificity of 100% for the diagnosis of HTBD, and its positive predictive value was improved further when combined with iPTH serum levels \>200 pg/ml. In another study,\[[@ref18]\] BAP \<25 U/L was able to differentiate adynamic bone disease or normal bone from other types of bone disease with 89% sensitivity and 82% specificity in pre-dialysis patients. In addition to predicting the type of bone disease, there is some evidence to suggest that elevated BAP might be a marker of cardiovascular mortality in CKD.\[[@ref25]\]

The association between bone resorption marker tDPD and iPTH or BAP was as strong as that between iPTH and BAP. This is not a surprise; tDPD is affected by GFR\[[@ref10][@ref26]--[@ref28]\] and accumulates more in those with more advanced stages of CKD. The difference in the tDPD levels between stage 4 and 5 CKD was larger than that noted for the other parameters.

Coen *et al*.\[[@ref22]\] found a better correlation of PTH levels with BAP than with tDPD. DPD concentrations do not differ between CKD patients with different histologic types of bone disease.\[[@ref28]\] In contrast, other studies\[[@ref13]\] have suggested that elevated tDPD levels are associated with high turnover bone disease and were positively correlated with bone resorption and bone formation to a degree comparable with that found between BAP and bone histomorphometric parameters. Serum DPD levels higher than 21 nmol/l had a sensitivity of 88% and a specificity of 93% in the diagnosis of a high remodeling disease.\[[@ref13]\] Ibrahim *et al*.\[[@ref29]\] noted a good correlation between BAP and tDPD. We found that patients with the highest iPTH levels showed greater elevation in tDPD levels compared with those with lower degrees of elevation in iPTH. On the basis of these findings, we might infer that an elevated tDPD level suggests a high turnover status, whereas a low level may not necessarily indicate the opposite. Also, the utility of this marker might be poorer in earlier stages of CKD compared with that in those on dialysis, as there is no urinary loss in these cases. This association, however, needs to be confirmed in studies using bone histomorphometry.

About 28% of patients had iPTH levels elevated less than twice the upper level of normal, and only very few patients showed suppressed parathyroid activity. None of these patients had ever received vitamin D supplementation. In a previous study from southern India, nearly 70% of 115 patients on dialysis had PTH levels \<150 pg/ml and only 40% of the patients were receiving vitamin D supplementation.\[[@ref20]\] Only 36% of the patients in that study had significant hyperphosphatemia. The reasons for these differences can only be speculated upon, and include difference in dietary habits, PTH assay methodology, and presence of other confounders. The presence of hypophosphatemia and hypoalbuminemia points toward the possibility of malnutrition, which is often associated with inflammation. Parathyroid gland can be suppressed by inflammation.\[[@ref30]\] We did not evaluate level of inflammatory activation in this study, but have previously shown marked elevation in inflammatory markers, viz. C-reactive protein (CRP), interleukin-6, and tumor necrosis factor a in our CKD population.\[[@ref31]\] Hence, interventions that can mitigate inflammation may be more promising approaches for the management of low turnover bone disease rather than decreasing the dose or withholding activated vitamin D analogs.

Our findings suggest that iPTH, and markers of bone formation or resorption move in the same direction. However, as noted by Kidney Disease: Improving Global Outcomes (KDIGO) workgroup, there have been no studies with sufficient power to assess whether iPTH in combination with other bone-derived biomarkers would be more predictive than individual markers.\[[@ref11]\]

In our study, the prevalence of osteopenia and osteoporosis in the CKD subjects was 37% and 12%, respectively. This figure is lower than that reported from the West, likely due to the younger age and the shorter duration of CKD. Rix *et al*.\[[@ref32]\] demonstrated osteoporosis in 30% of 113 pre-dialysis CKD population (GFR 37 ml/min). Osteoporosis was noted in 80% of the subjects by Urena *et al*., but those patients were on hemodialysis for a mean duration of 6.4 years. In a previous study where BMD was measured using quantitative CT scan (qCT) of lumbar vertebrae, we found the prevalence of osteopenia and osteoprosis to be 23% and 5%, respectively.\[[@ref33]\] This difference can be explained by differences in technique and site of study. DEXA measures surface BMD mostly at cortical sites, whereas QCT being a three-dimensional measurement can selectively target the trabecular bone. The higher levels of iPTH as well as the markers of bone formation and resorption among osteoporotic subjects suggest a contribution of high turnover in the reduction of bone mass. Previous studies have shown an inverse relationship between BMD and PTH and some other markers.\[[@ref32][@ref34]--[@ref37]\] Of note, and proportion of non-CKD controls also showed osteopenia and osteoporosis. In a previous Indian study,\[[@ref38]\] over 70% of apparently healthy adults between ages 20 and 40 years had either osteopenia or osteoporosis. This finding suggests that compared to Western standards, Indians fail to attain an adequate peak bone mass, and points to the need of developing normative data for this population. This study demonstrated vitamin D deficiency (\<15 ng/ml) in 90% of the patients. This finding confirms our earlier report where vitamin D deficiency was found to be nearly universal in CKD. This is not surprising, as the vitamin D content of traditional (vegetarian) Indian diet is low and absorption is further hindered by the high phytate content.\[[@ref39]\] All our CKD subjects were vegetarian, as were a majority of the non-CKD controls. Other studies from India have also shown vitamin D deficiency in more than 70--100% of the subjects.\[[@ref40]--[@ref42]\] The uremic state presents multiple stimuli to parathyroid glands, leading to secondary hyperparathyroidism. Our observation that those with more severe deficiency exhibited higher iPTH levels point toward the possible role of this form in the pathogenesis of hyperparathyroidism of CKD. A study from UK suggested that low plasma 25(OH) vitamin D is a major risk factor for hyperparathyroidism and Looser's zones in chronic dialysis patients.\[[@ref43]\] Although guidelines recommend correction of vitamin D deficiency, it needs to be studied through randomized trials whether this approach can lead to amelioration of hyperparathyroidism. In one study,\[[@ref44]\] patients who received weekly cholecalciferol supplementation exhibited a decrease in PTH levels which fell short of statistical significance, probably because of small number of participants.

Some limitations of the study must be noted. The most important is the absence of bone histology. Therefore, although we can suggest the nature of ROD on the basis of the markers studied, room for doubt remains, especially in those with low values. We are unable to decide whether these patients should be classified as having any "bone disease." Our PTH assay measured both the 1-84 and 7-84 forms of the molecule. It is possible that newer assays that measure only the intact molecule might have shown a different result. Furthermore, this is only a cross-sectional observational study and longitudinal assessment with additional analyses of dietary factors is required to more closely establish this association.

In conclusion, over 60% of newly diagnosed Indian stage 4-5 CKD patients showed significant elevations in iPTH, BAP, and tDPD, consistent with high turnover bone disease. About 37.5% and 12% of the patients showed osteopenia and osteoporosis, respectively. High turnover could contribute to the development of osteoporosis. 25(OH) vitamin D deficiency is widespread and seems to have a role in the genesis of hyperparathyroidism and high turnover renal bone disease. Studies on the effect of supplementation of native vitamin D are needed.
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